Endothelin (ET)-1 causes long-lasting vasoconstriction and vascular remodeling by interacting with specific G-protein-coupled receptors in pulmonary artery smooth muscle cells (PASMCs), and thus plays an important role in the pathophysiology of pulmonary arterial hypertension. The two-pore domain K 1 channel, TASK-1, controls the resting membrane potential in human PASMCs (hPASMCs), and renders these cells sensitive to a variety of vasoactive factors, as previously shown. ET-1 may exert its vasoconstrictive effects in part by targeting TASK-1. To clarify this, we analyzed the ET-1 signaling pathway related to TASK-1 in primary hPASMCs. We employed the whole-cell patch-clamp technique combined with TASK-1 small interfering RNA (siRNA) in hPASMC and the isolated, perfused, and ventilated mouse lung model. We found that ET-1 depolarized primary hPASMCs by phosphorylating TASK-1 at clinically relevant concentrations. The ET sensitivity of TASK-1 required ET A receptors, phospholipase C, phosphatidylinositol 4,5-biphosphate, diacylglycerol, and protein kinase C in primary hPASMCs. The ET-1 effect on membrane potential and TASK-1 was abrogated using TASK-1 siRNA. This is the first time that the background K 1 channel, TASK-1, has been identified in the ET-1-mediated depolarization in native hPASMC, and might represent a novel pathologic mechanism related to pulmonary arterial hypertension.
Endothelin (ET)-1 is considered to be a major player within the pathologic mechanisms involved in pulmonary arterial hypertension (PAH) (1, 2) , and specific antagonists of ET-1 receptors represent an important pillar of modern therapy of this devastating disease (3, 4) . In pulmonary artery smooth muscle cells (PASMCs), ET-1 causes long-lasting vasoconstriction (5) and excessive proliferation (6) (7) (8) , contributing to vascular remodeling. K 1 channels determine the membrane potential of PASMCs, and represent an important controller of their calcium homeostasis (9, 10) . Furthermore, it is now well established that inhibition of K 1 channels (for example, by serotonin or hypoxia) causes membrane depolarization and stimulates PASMC proliferation (11) (12) (13) . In our previous study, we described the voltage-independent background two-pore domain K 1 channel, TWIK-related acid-sensitive K 1 channel (TASK)-1, in human PASMCs (hPASMCs) (14) . Several lines of evidence indicate that TASK-1 plays an important role in the human pulmonary circulation. First, the TASK-1 channel contributes substantially to the K 1 conductance, and sets resting membrane potential in hPASMCs (14) , where other K 1 channels, such as voltage-gated (K v ) or calcium-dependent K 1 channels are not activated. Moreover, TASK-1 is modulated by pH, protein kinases, hypoxia, or vasoactive factors, such as prostacyclin (14) (15) (16) . Finally, two-pore domain channels are supposed to be involved in hypoxic pulmonary vasoconstriction (17) .
Based on their properties, both TASK-1 channels and ET-1 might interact in the pathogenesis of PAH. Although numerous studies have investigated ion channels in PAH, the TASK-1 in hPASMC has not been taken into account. Considering the features of TASK-1, we hypothesized that ET-1 might inhibit TASK-1 channels. In particular, to date, the molecular transduction mechanism for inhibition of TASK-1 in native human cells is poorly understood. In the present study, we investigated the signaling pathway and effects of ET-1 on TASK-1 in primary hPASMCs, and found the pathway from ET A receptors, through phospholipase C (PLC), phosphatidylinositol 4,5-biphosphate (PIP 2 ), diacylglycerol (DAG), and protein kinase (PK) C to TASK-1.
MATERIALS AND METHODS

Preparation of Human Primary PASMCs
Primary SMC were isolated from human pulmonary arteries from patients (n 5 19) undergoing lung surgery for lung cancer without a history of pulmonary vascular disease or arterial hypoxemia, as described previously (14) . The study protocol for tissue donation was approved by the Institutional Review Board of the Medical University of Graz in accordance with national law, and with guidelines on Good Clinical Practice/International Conference on Harmonization. Written, informed consent was obtained from each individual patient.
The adventitia from small arteries with diameters of less than 1 mm was carefully removed under microscopic guidance, and media pieces less than 1 mm 3 were placed onto 16-mm coverslips with 500 ml culture medium (Lonza SMC Medium; Lonza Group Ltd, Basel, Switzerland). Cells were maintained at 378C, medium was initially changed after
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24 hours, and then every 48 hours thereafter. SMC identity was verified by characteristic appearance in phase-contrast microscopy, The purity of PASMC cultures was confirmed by indirect immunofluorescent antibody staining for smooth muscle-specific isoforms of a-actin and myosin (at least 95% of cells stained positive), and lack of staining for von Willebrand factor.
Electrophysiology
The whole-cell patch-clamp technique on hPASMC was used as previously described to measure the resting membrane potential under current clamp, and macroscopic TASK-1 K 1 current under voltage clamp (14, 18) . Cells were superfused at room temperature with bath solution of the following composition: 140.5 mM NaCl, 5.5 mM KCl, 1.5 mM CaCl 2 , 1 mM MgCl 2 , 10 mM glucose, 0.5 mM Na 2 HPO 4 , 0.5 mM KH 2 PO 4 , 10 mM HEPES; adjusted to pH 7.3 with NaOH. Pipettes were filled with the following solutions: 20 mM KCl, 135 mM K-methanesulphonate (to suppress Cl 2 currents), 1 mM MgCl 2 , 0.5 mM CaCl 2 , 2 mM Na2ATP, 3 mM EGTA, 20 mM HEPES; pH adjusted to 7.2 with KOH. The free [Ca 21 ], calculated using Maxchelator (http://www.stanford.edu/%7Ecpatton/maxc.html), was 30 nM. To isolate the non-inactivating TASK-1 K 1 current (I KN ) from other voltage-dependent K 1 currents, cells were clamped at 0 mV for at least 5 minutes, as previously described (14, 18 ). As we have previously shown, under these conditions, tetraethylammonium-chloride (TEA), Iberiotoxin (ITX), or 4-aminopyridine had no significant effect on I KN (14) . Pipettes pulled from borosilicate glass tube (GC 150; Clark Electromedical Instruments, Pangbourne, UK) were fabricated on a model P-97 electrode puller (Sutter Instruments, Novato, CA) and fire polished to give a final resistance of 2-3 MV for whole-cell recording. The patch-clamp amplifier was an Axopatch 200 B (Axon Instruments, Foster City, CA), and the digital-analog converter was a DigiData 1,320 (Axon Instruments) in all voltage-and current-clamp experiments. Offset potentials were nulled directly before formation of a seal. No leak subtraction was made. Cells expressing holding current at 270 mV of 10 pA before or during the recordings were discarded. Estimation of cell capacitance (in pF) was made from whole-cell capacitance compensation. For resting membrane potential (Em), cells were held in current-clamp at their resting Em (without current injection). The effective corner frequency of the low-pass filter was 0.5-5.0 kHz. The frequency of digitization was at least twice that of the filter. The data were stored and analyzed with commercially available pCLAMP 9.0 software (Axon Instruments).
Solutions and Chemicals
All compounds were purchased from Sigma Chemical Co. (St. Louis, MO). All drugs were dissolved in experimental solution, with the exception of anandamide, which was dissolved in 50% (vol/vol) ethanol in water. At this concentration, the vehicle alone had no effect on K 1 current or resting membrane potential. The pH of solutions containing drugs was tested and corrected to eliminate potential pH-induced effects.
Design and Transfection of Small Interfering RNA for Human TASK-1
Transfection of TASK-1 small interfering RNA (siRNA) was performed exactly as described previously (14) . The RNA extraction and electrophysiological measurements were performed 48-72 hours after transfection of siRNAs. For assessment of transfection efficiency, we used an FITC-conjugated siRNA (Qiagen, Hilden, Germany), the intracellular location of which was assessed by direct visualization of the FITC by fluorescence microscopy after transfection.
Relative mRNA Quantification
Real-time PCR was used for relative quantification of the TASK-1 and PKCA mRNA, as described previously (14) . Both GAPD and HMBS were used as reference genes (see Table E1 in the online supplement). The primers were designed to be intron spanning where possible, and maximal specific for the target genes. The reactions were performed in an ABI 7,700 Sequence Detection System (Applied Biosystems, Foster City, CA) with SYBR green I as fluorogenic probe in 25-ml reactions containing 2 ml cDNA sample, 13 qPCR Mastermix for SYBR green I (Eurogentec, Seraing, Belgium), and 45 pmol forward and reverse primer (Table E1 ). The cycling protocol was one cycle of 508C for 2 minutes, one cycle of 958C for 6 minutes, and 45 cycles of 958C for 5 seconds, 608C for 5 seconds, and 738C for 10 seconds. The data for the amplification curves were acquired after the extension phase at 738C. After amplification, a melting curve was recorded and analyzed to identify possible contributions of unspecific products to the fluorescence signal. Additionally, an agarose gel analysis was performed to confirm the primary formation of a single specific PCR product.
The background signal of the amplification curves was corrected for each gene individually with the signals recorded from cycle 3 to cycles 15-25, dependent on the onset of the exponential signal increase. The threshold value was set for each gene in the middle of the overlapping region of the exponential phases. Each gene was measured in duplicate in two independent experiments. The Dct values for each target gene were calculated for both reference genes using the averaged ct values by the formula, Dct 5 ct reference 2 ct target . The Dct of both reference genes were averaged and used to calculate the DDct value by the formula, DDct 5 Dct siRNA 2 Dct control . According to an amplification efficiency of approximately 2, the factors of differential target expression can be calculated by f 5 2 DDct (the efficiencies for the amplification of the target genes have been determined in pilot experiments, and were all greater than 1.98 or 98%, respectively; data not shown). The error of the DDct values was estimated from the average SD of replicates using the error propagation by Gauss.
Immunoprecipitation
Primary SMCs were solubilized as described previously (19) in an extraction buffer supplemented with 1 mM sodium orthovanadate, 10 mM sodium pyrophosphate, 5 mM b-glycerophosphate, and 50 mM sodium fluoride. The TASK-1 was immunoprecipitated from cell lysates (4 hours, 48C) with rabbit anti-TASK-1 (Alomone, Jerusalem, Israel) (20) . Antibodies were chemically coupled to protein A-sepharose beads with a Seize Immunoprecipitation Kit (Pierce, Rockford, IL). Immunoprecipitates were washed to a final stringency of 470 mM NaCl in extraction buffer. Immunoprecipitates were resolved on a 10% Tris-glycine SDS-PAGE gel, and blots were probed with rabbit anti-TASK-1 (1:500; Alomone), mouse antiphosphotyrosine (Cell Signaling Technologies, Beverly, MA; 1:1750), or mouse anti-phospho(Ser/Thr) (1:1,000; Cell Signaling Technologies) antibodies.
Isolated, Perfused, and Ventilated Mouse Lungs
All organ experiments were approved by the local authorities (Regierungspräsidium Giessen). Lungs from C57BL/6 mice (Charles River Laboratories, Sulzfeld, Germany) were removed from the chest in deep anesthesia, artificially ventilated, and perfused blood free, as described previously (21) (for more details, see the online supplement). After an initial steady-state period of 30 minutes, ET-1 was added in to the buffer in increasing doses every 25 minutes. In experiments with anandamide, this agent was applied to the buffer 20 minutes before the first ET-1 admixture. Delta pulmonary arterial pressure (Ppa) indicates the Ppa after application of ET-1 at a chosen concentration minus the Ppa before.
Statistical Analysis
Numerical values are given as means (6SE) of n cells. Intergroup differences were assessed by a factorial ANOVA with post hoc analysis with Fisher's least significant difference test, or Student's unpaired and paired t tests, as appropriate. P values less than 0.05 were considered significant.
To determine the blocking potency of ET-1 on TASK-1, concentration-inhibition curves were constructed from the current inhibition by the drug at 0 mV. I/I 0 is the current in the presence of ET-1 as a fraction of the current before ET-1 application. The normalized amplitudes of currents were fitted by means of a nonlinear least-squares method with the equation: 1[1 1 (c/IC 50) h ] 21 , where c is the drug concentration, IC 50 is the concentration giving a half-maximum effect, and h is the Hill coefficient. Because the Hill coefficient was less than 1 (0.9 in all curves), it was set to 1, accounting for a 1:1 binding stoichiometry.
RESULTS
Modulation of TASK-1 by ET-1 at Clinically Relevant Concentrations in Primary hPASMCs
ET-1 significantly and dose dependently depolarized hPASMCs, as shown in Figure 1A . Application of ET-1 markedly reduced the non-inactivating K 1 current (I KN ) in primary hPASMCs in the presence of the voltage-activated K 1 channel inhibitor, 4-aminopyridine (5 mM) (data not shown). Figure 1B shows the effect of ET-1 in representative recordings from the holding potential of 0 mV, after the cells were clamped at 0 mV for least 5 minutes to inactivate voltage-dependent K 1 channels (14, 18) . The voltage was stepped to 60 mV, and then ramped to 2100 mV over a period of 1.6 seconds. The ET-1-sensitive current, obtained by subtracting the current remaining in the presence of ET-1 from that obtained under control conditions ( Figure 1B, inset) , was reversed close to 284 mV, the calculated Nernst equilibrium potential for K 1 under these conditions. The effect of ET-1 on I KN was completely abolished by preapplication of 10 mM anandamide (see the online supplement), a blocker of TASK channels (18, 22) . Because TASK-2 and TASK-3 are not expressed in hPASMC (14) , this finding suggests that ET-1 acts on TASK-1 current. Another marker of TASK channels is their sensitivity to extracellular pH and to volatile anesthetics. As illustrated in Figure 1C , the ET-1-inhibited current was not further affected by acidosis (pH 6.3).
Consistently, reducing the pH from 7.3 to 6.3 suppressed the I KN and, under acidification, ET-1 did not further inhibit the current ( Figure 1D ). Application of isoflurane (1 mM) enhanced I KN ( Figure 1E ). Consistent with the involvement of TASK-1 channels in this facilitation, it was blocked by ET-1. The concentration-response curve for the inhibition of TASK-1 by ET-1 measured and calculated at 0 mV gave an IC 50 of 1.6 (60.3) nM ( Figure 1F ; n 5 5 for each group).
To further confirm the role of TASK-1 in ET-1 pathway in hPASMC, we knocked down TASK-1 expression using TASK-1 siRNA (14) . In the siRNA-transfected cells, no inhibition of the remaining current by ET-1 was detected compared with primary control hPASMC (Figure 2A ) or to scrambled siRNA-transfected hPASMCs (data not shown). The histograms in Figure 2B summarize the effect of ET-1 on I KN calculated at 0 mV, showing that there was no significant inhibition by ET-1 on the remaining current after the siRNA treatment. In addition, the siRNA-transfected cells showed a significantly less negative membrane potential (231 6 1 mV; P , 0.001; n 5 6) compared with control cells (251 6 1 mV; n 5 45). It is noteworthy that, in the siRNA-transfected cells, ET-1 did not further change the membrane potential (from 231 6 1 to 229 6 1 mV; P . 0.05; n 5 6), suggesting the crucial role of TASK-1 in the ET-1 pathway.
To investigate the possible physiologic relevance of TASK-1 for the ET-1-induced pulmonary vasoconstriction, we analyzed the ET-1-induced pressor response in the isolated, perfused mouse lungs. ET-1 induced a dose-dependent increase in Ppa ( Figure E2 ). The pulmonary artery vasoconstriction was more pronounced when anandamide was given before the ET-1. The application of 8 nM ET-1 increased Ppa with 15.6 (62.3) mm Hg; when anandamide was given before ET-1, the increase was 23.8 (61.0) mm Hg (P , 0.01; n 5 5).
Signaling Pathway of ET-1 in Primary hPASMCs
ET-1 in humans binds to two types of receptors: ET A and ET B. Both G protein-coupled receptors were detected in PASMCs. To investigate which receptor is involved in the inhibition of TASK-1 by ET-1, we used different ET-1 receptor antagonists: BQ123 (ET A blocker; 1 mM); BQ788 (ET B blocker; 1 mM); and PD142893 (a nonspecific ET A 1 B blocker; 100 nM). The ET-1-induced TASK-1 inhibition was completely abolished by preapplication of BQ123 and PD142893 ( Figures 3A and 3C ). In contrast, preapplication of BQ788 had negligible effect on the ET-1-induced inhibition of TASK-1 ( Figures 3B and 3C) , suggesting that the ET A receptor mediates the TASK-1 response to ET-1. Next, we investigated the possible involvement of caveolae and phosphorylation of TASK-1 in the ET-1-mediated signal transduction in hPASMCs. To test these possibilities, PASMC were first analyzed for TASK-1 and caveolins via Western blot analysis. In hPASMC, we detected caveolin-1, -2, and -3, but the coimmunoprecipitation studies did not indicate any interaction among TASK-1 and these caveolins after stimulation with ET-1 ( Figure E3 ).
To further assess the mechanism involved in ET-1-induced TASK-1 inhibition, hPASMCs were incubated for 10 minutes with ET-1 (10 nM). No differences in the tyrosine phosphorylation of TASK-1 was observed when ET-treated and untreated groups were compared (n 5 3; Figure 4 ). In contrast, the incubation with ET-1 stimulated the threonine phosphorylation of TASK-1, as was evident in TASK-1 immunoprecipitates probed with an anti-phosphothreonine antibody (Figure 4) . Protein loading equivalence was demonstrated by probing immunoprecipitates with an anti-TASK-1 antibody (Figure 4 ). In patch-clamp studies, various PKC inhibitors, including Ro318220 (1 mM), Gö 6983 (10 nM), and rottlerin (10 nM) were used on the non-inactivating current response to ET-1 to confirm the PKC action. The pretreatment of the cells with the broadspectrum PKC blocker, Ro318220, and the classic, fast-acting PKC inhibitor, Gö 6983, abolished the effect of ET-1 on TASK-1 current ( Figure 5 ). Rottlerin (selective PKC-d inhibitor) partially blocked the inhibition of TASK-1 by ET-1. Consistent with the effects of PKC inhibitors, preincubation with the PKA inhibitor, KT5720, did not lead to any change in ET-1-dependent TASK-1 inhibition (data not shown). Collectively, these results suggest that, in hPASMC, TASK-1 channels are inhibited by ET-1, primarily through PKC-dependent pathways.
PKC may be activated in response to DAG and inositol 1,4,5-triphosphate (IP 3 )-stimulated increases in cytosolic calcium generated via PLC. To address the ET-1 signaling pathway downstream of the G protein-coupled receptor, ET A , we combined pharmacological approaches with patch-clamp studies. First, we investigated the involvement of PLC-dependent signaling pathway(s) with the PLC antagonist, U-73122, on the ET-1-induced inhibition of TASK-1. Preapplication of U-73122 in hPASMCs completely abolished the effect of ET-1 (10 nM) on I KN ( Figure 6A ). PIP 2 serves as a substrate for hydrolysis by PLC to produce IP 3 and DAG. Thus, hPASMCs were dialyzed with the PIP 2 scavenger, polylysine (30 mg/ml), widely used to demonstrate regulation of channels by endogenous PIP 2 , and then superfused with ET-1 (10 nmol/L). Cells dialyzed with the internal control solution were used as a control. The application of polylysine alone significantly reduced current density to or below the level recorded after ET-1 application. When ET-1 was simultaneously applied, it did not block TASK-1 ( Figure 6B ). Next, to determine whether IP 3 or DAG is required for the PKC activation, we incubated hPASMC with the DAG kinase inhibitor R-59949 (30 mM) before ET-1 (10 nM). R-59949 inhibited TASK-1 ( Figure E4 ). Similar data were obtained when 1-oleoyl-2-acetyl-sn-glycerol (OAG; a DAG analog; 100 mM) was applied before ET-1 in hPASMC. Application of OAG alone led to a significant inhibition of TASK-1 current, similar to the effect of ET-1 alone. Thus, the TASK-1 current was not further blocked when ET-1 was additionally applied, as shown in Figures 6C and 6D . Taken together, these results indicate that the ET A -PLC-PIP 2 -DAG-PKC pathway is essential for the inhibition of TASK-1 by ET-1 in primary hPASMCs.
DISCUSSION
ET plays a central role in the pathogenesis of pulmonary hypertension, and has been extensively studied. We show here that ET inhibits the native background two-pore domain K 1 channel, TASK-1, in primary hPASMCs, which sets their membrane potential as previously shown by means of TASK-1-siRNA studies (14) . Consequently, ET-1 depolarizes the resting membrane potential of hPASMCs at clinically relevant concentrations by dose-dependent inhibition of TASK-1. These effects are abolished by antagonists of the G protein-coupled receptor, ET A , by PIP 2 scavenger, and by inhibitors of PLC, DAG kinase, and PKC.
The effects of ET on pulmonary vessels is a matter of continued interest, because an activated ET system significantly contributes to the pathologic changes in pulmonary hypertension (1, 2), and ET receptor antagonists have been shown to be effective for therapy of PAH (3). Circulating ET-1 levels are elevated in animal models of PAH (23) (24) (25) (26) and in human PAH (1, (27) (28) (29) . In addition, a correlation has been demonstrated between increased ET-1 expression in the lung of patients with pulmonary hypertension and the severity of disease (2) . Although this evidence indicates that the ET system plays a key role in the pathogenesis of pulmonary hypertension, the molecular targets of ET-1 have not been characterized in detail. Under normoxic conditions, the acute ET-1-induced vasoconstriction occurs via a Ca 21 -dependent mechanism, mainly by Ca 21 influx through voltage-activated calcium channels, secondary to K 1 channel inhibition and membrane depolarization. To date, the involvement of K v (30) or ATP-dependent K channels (K ATP ) (31) has been established. In hPASMC, we have recently described TASK-1 channels, a member of the background two-pore domain K 1 channel family (14) . It is noteworthy that, in these cells, no other members of the TASK channel family are expressed (14) . If these channels are functionally expressed, they give rise to K 1 -selective current that is open at all voltages, in contrast to K v or K ATP channels, the activity of which is controlled by voltage or metabolic regulation. In fact, background K 1 channels, such as TASK-1, set the resting membrane potential in excitable cells (14, (32) (33) (34) (35) (36) (37) . Because TASK-1 is active at rest in hPASMC, its inhibition would lead to cell depolarization that enhances the open probability of L-type Ca 21 channels in SMCs, causing periodic Ca 21 entry, and vasoconstriction. We have now identified TASK-1 channels as an important target for ET-1 at clinically relevant concentrations, and have established a role for TASK-1 channels in the ET-1-induced membrane depolarization in primary hPASMCs using TASK-1-siRNA. This might represent an important pathway, explaining part of the vasoconstrictive and proproliferative properties of ET-1. In addition, these findings might be further supported using the isolated, perfused mouse lung model, where the effect of anandamide on ET-1-induced pulmonary vasoconstriction was investigated. When anandamide was given before ET-1, the vasoconstrictive response was augmented. This suggests that anandamide and ET-1 have an additive effect on TASK-1 inhibition. However, it has to be taken into account that the endocannabinoid anandamide also acts on specific cannabinoid (CB 1 ) and on vanilloid receptors (VR 1 ). Furthermore, in the mouse model, the expression of other possible anandamide-sensitive, two-pore domain channels has not been fully characterized.
In this study, we specifically examined the signaling pathway involved in the ET-1-induced TASK-1 inhibition in primary hPASMCs. We found that antagonists of the G protein-coupled receptor, ET A , fully abolished the TASK-1 inhibition in response to ET-1. The molecular basis of K 1 channel inhibition by an agonist that acts on Gq-coupled receptor upstream of PKC is reasonably well defined for some K 1 channels (38, 39), but has been controversially defined for background two-pore domain K 1 channels (40), and, in particular, has not yet been investigated in native vascular cells. We show that antagonists of PKC, but not antagonists of PKA, inhibited the ET-1 effect on TASK-1, suggesting that PKC mediates the agonist-induced inhibition. Our data indicate that ET-1 can stimulate the serine or threonine phosphorylation of TASK-1, and are consistent with the detection of phosphoserine in TASK-1 (41) and the presence of consensus serine and threonine PKA and PKC phosphorylation sites in the TASK-1 peptide (15) . Although a tyrosine kinase consensus site is also present in the TASK-1 peptide, ET-1 did not effect tyrosine phosphorylation of TASK-1.
Several studies have examined the mechanism by which a G protein-coupled receptor agonist may inhibit two-pore domain K 1 channels via PKC. These studies suggested that agonistinduced inhibition of the two-pore domain K 1 channels was due to ATP-dependent pathways (42) , by depletion of PIP 2 levels (43), directly by a direct action of DAG and phosphatidic acid that are generated via PLC (44) , or by elevated intracellular Ca 21 levels (42). Moreover, a very recent study proposes a direct interaction of Gaq with TASK-1 in a mammalian heterologous expression system (45). The results obtained from different laboratories suggest the possibility that two-pore domain channels may be modulated, not by a single mechanism, but via distinct pathways in different cell types. We found that inhibition of the PLC abolished the ET-1 effect on TASK-1 indicating that PLC is required, as also shown in Xenopus laevis oocytes (46) , in contrast to the report in a mammalian heterologous expression system (35) . Additional evidence comes from the use of COS-7 cells expressing TWIK-related K 1 (TREK)-2 and muscarinic receptor M 3 , where the same PLC inhibitor was applied to prevent acetylcholine-induced inhibition of TREK-2 (47). The inhibitory effect of the PIP 2 scavenger on TASK-1 observed in this study confirms previously reported results obtained with different two-pore domain K 1 channels expressed in Xenopus oocytes (43) , and strongly suggests that PIP 2 hydrolysis by PLC indeed affects channel activity. Moreover, we showed that the downstream product of PIP 2 hydrolysis DAG underlies the agonist-induced inhibition of TASK-1 in hPASMCs. These results are further supported by our experiments showing that the DAG kinase inhibitor abolished the ET-1 effect on TASK-1.
In conclusion, our results suggest that TASK-1 modulation by Gaq pathway is achieved by signaling rather than direct interaction between PIP 2 and TASK-1 in primary hPASMCs (43) (Figure 7) . Moreover, we report here for the first time the involvement of the background two-pore domain K 1 channel, TASK-1, in the ET-1-mediated depolarization in native hPASMC. It is tempting to hypothesize that the inhibition of the voltage-independent TASK-1 channel by ET in hPASMCs contributes to the development of human pulmonary hypertension. 
